The past two decades has been an amazing time in the advancement of cancer treatment. Molecularly targeted therapy is a concept in which specific cellular molecules (overexpressed, mutationally activated, or selectively expressed proteins) are manipulated in an advantageous manner to decrease the transformation, proliferation, and/or survival of cancer cells. In addition, increased knowledge of the role of the immune system in carcinogenesis has led to the development of immune checkpoint inhibitors to restore and enhance cellular-mediated antitumor immunity. The United States Food and Drug Administration approval of the chimeric monoclonal antibody (mAb) rituximab in 1997 for the treatment of B cell non-Hodgkin lymphoma ushered in a new era of targeted therapy for cancer. A year later, trastuzumab, a humanized mAb, was approved for patients with breast cancer. In 2001, imatinib was the first small-molecule kinase inhibitor approved. The approval of ipilimumab-the first in class immune checkpoint inhibitor-in 2011 serves as a landmark period of time in the resurgence of immunotherapy for cancer. Despite the notion that increased tumor specificity results in decreased complications, toxicity remains a major hurdle in the development and implementation of many of the targeted anticancer drugs. This article will provide an overview of the current cellular and immunological understanding of cancer pathogenesis-the foundation upon which molecularly targeted therapies were developed-and a description of the ocular and neuro-ophthalmic toxicity profile of mAbs, immune checkpoint inhibitors, and smallmolecule kinase inhibitors.
Introduction
War is a recurrent and unfortunate record in the history of human civilization that has culminated in indescribable violence and unspeakable death. However, amazingly within the confines of war have risen some of the greatest advancements in medicine. It is within this setting-in particular World War II with the study of mustard gas-that the annals of cancer chemotherapy began touching the lives of millions of people. It is estimated that in 2016, over 1.6 million people in the United States will be diagnosed with cancer and over a half a million will die. 1 The amount of money being spent on research and development of new cancer therapies is staggering with a record $43 billion dollars spent in 2014. Nearly 30% of all registered clinical trials on the clinicaltrials.gov website pertain to cancer drugs. Such large numbers emphasize the urgency of finding a cure for cancer.
In the context of co-morbid systemic diseases and patient expectations, the oncologist has a wide variety of treatment options to choose from based on the histological type, molecular marker, and clinical stage of cancer (Table 1) . Since its first clinical application in the early 1940s, cytotoxic chemotherapy has been the mainstay of medical treatment for cancer. However, in the past two decades treatment options have expanded dramatically for many cancers, allowing oncologists to provide an increasingly personalized approach. 2 Much has been learned about normal cell development, differentiation, survival, proliferation, and ultimate death; which has in turn increased our knowledge and understanding of carcinogenesis. However, there is still much that is not understood about the epigenetic mechanisms in cellular transformation to immortality and the complicated interplay between the immune system and cellular regulation. It should also be kept in mind that the financial impact of targeted cancer therapies has been enormous both in terms of sales (profit) and health care cost. 3 Efficacy is a major goal in cancer drug development. However, safety and toxicity often lead to either limited use of a drug or prevent the utilization of a drug in clinical practice. Despite a very arduous, comprehensive and costly process of drug research and development culminating in approval by the United States Food and Drug Administration (FDA), 4 the reporting of adverse events (AEs) from clinical trials and other databases remains inconsistent and often difficult to interpret. 5, 6 In a study that reviewed the results of randomized control trials (RCTs) and updated package inserts (drug label) of targeted cancer drugs, nearly 40% of serious AEs were not published in the initial RCT paper and~50% of the serious AEs were not included in the initial package insert. 7 The financial and medical burden of cancer drug toxicity and AEs is enormous. 8 In many cases it can be difficult to ascertain the true cause and effect of an AE because of its rarity and the fact that there may be confounding factors-such as the combination of medical or radiation therapy-in the treatment regimen of patients.
This review article aims to provide an overview of the current cellular and immunological understanding of carcinogenesis-the foundation upon which molecularly targeted therapies were developed-within the framework of discussing the ocular and neuroophthalmic toxicity profile of selected monoclonal antibodies (mAbs), immune checkpoint inhibitors, and small-molecule kinase inhibitors.
Molecularly targeted therapy
The approval of the first targeted mAb-rituxamb-in 1997 was the clinical starting point for a new generation of molecularly targeted therapy in cancer. 9 Aside from surface receptors, other targets for this novel approach include intracellular signal proteins and metabolic molecules. Targeted therapy not only affects tumor cells but also immune cells (ie, T and B cells) and vascularstromal cells. 2, 10 
Monoclonal antibodies
The clinical development of mAbs began in earnest in 1972 when Kohler and Meilstein published their ground breaking technique of producing murine mAbs. 11 This was followed in 1987 with the generation of a chimeric mAb. 12 With the use of XenoMouse technology, panitumumab was the first human mAb approved for use in 2006. 13 A variety of mAbs exist including uncongugated (naked), conjugated (attached to effector molecules such as cytotoxic drug, bacterial or plant toxin, or radiopharmaceutical agents), 14 and bispecific. 15 Other antibody products include antibody-ligand fusion proteins 16 and immunoliposomes. 14 The nomenclature of mAbs follows a very specific characterization scheme. 17 The elements that make up an antibody name are prefix+target/ disease class infix+source infix+stem. Some commonly used target/disease class infix's include -tu/-t for tumors, -li/-l for immunomodulatory, and -ba/-b for bacterial. The source infix can be -zu for humanized, -o for mouse, -u for fully human, or -xi for chimeric. The stem is either -mab for monoclonal or -pab for polyclonal.
The use of mAbs has become one of the cornerstone treatments in the fight against cancer. There are currently14 FDA-approved mAbs (not including the immune checkpoint inhibitors) on the market (Table 2) . 18 It has been estimated that by the year 2020 the worldwide sales of mAbs will be approximately $125 billion. 19 The mechanism of action (MOA) by which mAbs exert their anticancer effects is varied and includes apoptosis, activation or inhibition of a surface cell receptor, antibody-dependant cellular cytotoxicity (ADCC), and complement-dependant cytotoxicity (CDC). In addition mAbs can target tumor cells, immune cells (ie, T-cell or B cell) or vascular/stromal cells. 16, 20, 21 The toxicity or AEs of a particular mAb is primarily related to its MOA and/or the unintended targeting of a cell or organ system. 22 Toxicity can be limited if the mAb is directed at a specific target on the neoplastic cell without affecting normal or healthy cells. The four general categories of mAb associated AEs are immune reaction (infusion reaction), excessive cytokine release or storm, immunosuppression, and autoimmunity. 22, 23 In general terms, the ocular toxicity profile of mAbs is good. Several review papers have summarized the ocular AEs reported with mAbs. [24] [25] [26] [27] [28] Neurological side effects due to demyelination from mAbs have been associated with antitumor necrosis factor agents, none of which are approved for cancer therapy. 29 The following is a focused discussion of the ocular and neuro-ophthalmic complications associated with several selected mAbs.
Alemtuzumab
Alemtuzumab is a humanized IgG1 mAb that targets a variety of immune cells including B cells, T cells, and macrophages that express the cluster of differentiation (CD) 52 antigen. No specific ocular toxicities have been associated with alemtuzumab. A unique AE associated with alemtuzumab is the increase in autoimmunity. The black box of the package insert indicates the fatal risks of pancytopenia/marrow hypoplasia, autoimmune idiopathic thrombocytopenia, and autoimmune hemolytic anemia. 30 Post-marketing experience has identified several autoimmune disorders including Goodpasture syndrome, Graves disease, aplastic anemia, Guillain-Barré syndrome, and chronic inflammatory demyelinating polyradiculoneuropathy. The risk of Graves disease in cancer patients receiving alemtuzumab is not known but in multiple sclerosis (MS) patients it has been estimated to be~20%. 31 In the phase 2 clinical trial for MS, of the 39 patients that developed Graves disease, 4 patients developed thyroid eye disease. 32 Progressive multifocal leukoencephalopathy (PML) has been reported to occur in the setting of alemtuzumab therapy (see section on ritixumab below). 33, 34 Bevacizumab Bevacizumab, a humanized IgG1 mAb, targets vascular endothelial growth factor (VEGF) thereby preventing binding to the VEGF receptor (VEGFR), resulting in the inhibition and regression of the tumor vasculature. 35 Sherman et al, reported 6 patients who developed optic neuropathy while taking bevacizumab in addition to fractionated radiation therapy and temozolomide for glioblastoma. 36 In a meta-analysis, bevacizumab was found to be associated with a 3 fold higher risk of cerebral stroke and hemorrhage. 37 Posterior reversible encephalopathy syndrome (PRES), a disorder of cerebral vascular autoregulation resulting in vasogenic edema, has been reported with bevacizumab. 38 
Brentuximab vedotin
Brentuximab vedotin is a conjugated mAb against the cell surface protein CD30, used in Hodgkin lymphoma and anaplastic lymphoma, that has been associated with peripheral sensory neuropathy and PML. 39 There are no known ocular toxicities.
Cetuximab
Cetuximab is a chimeric IgG1 mAb that is an epidermal growth factor receptor (EGFR) inhibitor. EGFR is found in corneal epithelial cells and hair follicles, therefore the ocular side effects of cetuximab are related to the function 
Rituximab
Rituximab is a chimeric IgG1 mAb directed against CD 20, which is predominately found on B cells. Its MOA is not entirely known but is thought to work by ADC, ADCC and apoptosis. The package insert carries a black box warning regarding fatal infusion reactions, hepatitis B virus reactivation, severe mucocutaneous reactions and PML. PML is an infectious demyelinating disease of the central nervous system caused by the polyomavirus John Cunningham (JC) virus associated with significant morbidity and mortality. 40 From an ophthalmic perspective patients who develop PML develop visual complaints and visual field defects often in a homonymous heminaopsia pattern due to involvement of the posterior visual pathways within the parietal-occipital lobes. The exact pathophysiology is not known but it is believed to be due to the re-population of immature B cells that contain the JC virus. 41 Nearly a decade after receiving approval, in 2006 the FDA disseminated an alert to physicians regarding 2 patients with systemic lupus erythematosus (SLE) who developed PML following rituximab treatment. 42 The manufacturer of rituximab sent out 2 letters to physicians in 2008 describing the association of rituximab with PML. 41 Subsequently the package insert was modified with the addition of the risk of PML and the institution of a risk evaluation and mitigation strategy (REMS) plan. 43 The package insert indicates that the majority of patients developed PML within 12 months from the last infusion and that many of the patients were concomitantly treated with chemotherapy or a hematopoietic stem cell transplant. 44 The exact risk of developing PML in the setting of cancer treatment is not known, but the overall frequency has been estimated to be 1 : 30 000. 34 Aside from rituximab, alemtuzumab and brentuximab vedotin the other mAbs associated with PML include bevacizumab, cetuximab, and ibritumomab tiuxetan. 45, 46 Trastuzumab Trastuzumab is a humanized IgG1 mAb that targets the epidermal growth factor receptor 2 (Her2). 47 Dry eye, tearing, conjunctivitis and blurred vision have been reported with trastuzumab. 25 Saleh et al described a unique case of bilateral macular ischemia and edema in the setting of trastuzumab. However, the patient also received radiation and docetaxel therapy. 48 In the review by Huillard et al, 26 papilledema, retinal hemorrhage, retinal artery occlusion, and retinal vein occlusion have been reported with trastuzumab.
Treatment
The decision to discontinue or continue the offending mAb needs to be discussed with the prescribing oncologist and depends on the severity of the AE. In some instances it may be possible to treat the symptoms either with supportive therapy or more directed therapy without discontinuing the mAB.
PML can result in severe neurological deficits and is associated with a high mortality rate. Re-institution of normal immune system function is critical to suppress the infection. Plasma exchange has been advocated but the efficacy remains debated. 49 Other treatments implemented for PML include mirtazapine, mefloquin, cytabrine, and cidofir but none of them at this time have been proven to be effective. 50 The mainstay of treatment for PRES is supportive and directed at symptom management (ie, anti-seizure medication, anti-hypertensive medication and correction of electrolyte abnormalities). In some cases re-challenging with the offending cytotoxic agent has not resulted in a recurrence of PRES, but such a re-challenge with mAbs has not been tried. 51 
Immune checkpoint inhibitors
Cancer immunotherapy relies on the strategy of actively manipulating one of the three basic steps in the generation and regulation of antitumor immunity ( Figure 1) ; and historically had been limited by a lack of understanding of immunoregulatory mechanisms. 52 Immune checkpoint inhibitors are fundamentally different from all the other targeted therapies because of their unique MOA. Instead of a passive or an immunomodulatory role, immune checkpoint inhibitors activate the immune system by blocking the immune inhibitory pathways activated by cancer cells (Figure 2) . 52 There are currently four FDA-approved immune checkpoint inhibitors that activate the immune response through distinct mechanisms (Table 2) . Ipilimumab is a human mAb against the cytotoxic T lymphocyte antigen 4 (CTLA4), which normally serves to modulate T-cell activity in the lymph node in response to T-cell activation, competitively binding CD 80 and CD 86 ligands on dendritic cells thereby limiting persistent activation. By blocking this interaction, ipilimumab allows for continued T-cell proliferation thus inhibiting an immune 'checkpoint'. In comparison, nivolumab and pembrolizumab target programmed death-1 (PD-1) in the tumor microenvironment. The interaction with PD-1 and the programmed death-ligand 1 (PD-L1) functions to limit T-cell expansion and prevent tissue damage from inflammation. Certain cancers have co-opted this mechanism by expressing high levels of PD-L1, effectively evading immune detection. The anti-PD-1 antibodies release this inhibitory blockade, allowing for continued T-cell activation, with the potential for remarkable clinical responses across a wide variety of tumor types. Atezolizumab targets PD-L1 resulting in a similar immune activation (removal of inhibition) effect as nivolumab and pembrolizumab.
Immune checkpoint inhibitors have a unique safety profile because the immune system is activated, with subsequent autoimmune toxicity termed immune-related adverse events (IRAEs). 53 IRAEs are common, occurring in 70-90% of patients and affect multiple organ systems including the skin, gastrointestinal tract, lung, kidney, blood, adrenal gland, and thyroid. 53, 54 In addition, immune checkpoint inhibitors have been associated with autoimmune diseases such as SLE, rheumatoid arthritis, Graves disease, Vogt-Koyanagi-Harada (VKH) syndrome, myasthenia gravis, MS and giant cell arteritis. 27, 53, [55] [56] [57] Ipilimumab As the first approved immune checkpoint inhibitor, with the largest amount of published data, the neuro- Figure 1 Generation and regulation of antitumor immunity. Understanding the events in generating and regulating antitumor immunity suggests at least three sites for therapeutic intervention: promoting the antigen presentation functions of dendritic cells, promoting the production of protective T-cell responses and overcoming immunosuppression in the tumor bed. Antitumor immune responses must begin with the capture of tumor associated antigens by dendritic cells, either delivered exogenously or captured from dead or dying tumor cells. The dendritic cells process the captured antigen for presentation or cross-presentation on MHC class II and class I molecules, respectively, and migrate to draining lymph nodes. If capture and presentation occurred in the presence of an immunogenic maturation stimulus, dendritic cells will elicit anticancer effector T-cell responses in the lymph node; if no such stimulus was received, dendritic cells will instead induce tolerance leading to T-cell deletion, anergy or the production of Treg cells. In the lymph node, antigen presentation to T cells will elicit a response depending on the type of dendritic cell maturation stimulus received and on the interaction of T-cell co-stimulatory molecules with their surface receptors on dendritic cells. Thus, interaction of CD28 orOX40 with CD80/86 orOX40L will promote potentially protective T-cell responses, while interaction of CTLA4 with CD80/86 or PD-1 with PD-L1/ PD-L2 will suppress T-cell responses, and possibly promote Treg formation. Antigen-educated T cells (along with B cells and NK cells) will exit the lymph node and enter the tumor bed, where a host of immunosuppressive defense mechanisms can be produced by tumors (or infiltrating myeloid cells) that oppose effector T-cell function. These include the upregulation of PD-L1/L2 on the cancer cell surface, release of PGE2, arginase and IDO (all T-cell suppressors), and the release of VEGF (triggered in part by intratumoral hypoxia), which inhibits T-cell diapedesis from the vasculature, and thus infiltration into the tumor bed. ophthalmic side effects of ipilimumab will be emphasized in this section.
The incidence of ocular IRAEs is o1%. 58 Several ophthalmic toxicities have been associated with the use of ipilimumab including blepharitis, conjunctivitis, keratitis, episcleritis, scleritis, uveitis, serous retinal detachment, and choroidal neovascularization. 24, 26, 28, 58, 59 Yeh and Francis reported bilateral optic nerve edema subretinal fluid and anterior uveitis in a 67-year-old man treated with ipilimumab for metastatic melanoma. Cranial magnetic resonance imaging (MRI) revealed small vessel ischemic changes and a lumbar puncture documented a slightly elevated intracranial pressure (23.5 cmH 2 O). Only topical steroids were given with continuation of the ipilimumab and by four months the optic nerve edema resolved but was replaced with pallor associated with persistent bilateral visual field defects. 60 Papillitis in the setting of VKH and thyroid eye disease due to Graves disease have been described with ipilimumab. 27, 28, 58 Hahn and Pepple reported a patient with bilateral iritis and bilateral optic nerve edema associated with macular edema, which they termed neuroretinitis. 61 Several case reports and case series have documented the occurrence of orbital inflammation. 28, 62, 63 Johnson et al 56 described a 69-year-old woman with ptosis and external ophthalmoparesis due to myasthenia gravis after receiving ipilimumab infusions.
Neurological IRAEs associated with ipilimumab are diverse including both the central and peripheral nervous system. Hypophysitis, PRES, peripheral neuritis (Guillain-Barré syndrome), meningitis, encephalitis, myelitis and facial neuritis have all been reported with ipilimumab treatment. 28, 53, 54, 64 Most recently Gerdes et al described a case of a 29-year-old man treated with ipilimumab for metastatic melanoma who prior to treatment had a cerebral MRI that showed white matter T2 hyperintensities consistent with a radiologically isolated syndrome. During treatment the patient developed hypophysitis. Four months after the first infusion the patient developed a clinical attack of demyelination (thermhypesthesia of both feet). After the second infusion, a repeat MRI of the brain showed increased lesions resulting in a brain biopsy consistent with active MS; and then 3 months after the last infusion the patient developed optic neuritis of the left eye. 57 Pembrolizumab Roberts et al recently described a patient who was treated with pembrolizumab for cutaneous metatstatic melanoma and developed chorioretinal scars and pigment clumping in the peripheral retina of both eyes. The serum was positive for multiple autoretinal antibodies. The authors postulated that pembrolizumab may have induced (in their words 'unleased') an autoimmunity state in the patient leading to the fundus findings in the presence of melanoma-associated retinopathy. 65 
Treatment
Established treatment guidelines have been published for the more common IRAEs involving the skin, gastrointestinal tract, endocrine system and lung but not for the eye or nervous system. 66 In general, for mild IRAEs, continuation of the medication with supportive therapy can be an effective strategy. 54, 67 However, for more severe cases corticosteroids (either oral or intravenous) are the primary treatment modality. In those cases that are, either recalcitrant to corticosteroids or recurrence of the IRAE occurs during the tapering of the corticosteroids, infliximab, intravenous immunoglobulin (IVIG) and plasma exchange is recommended. 54, 66 Wilson et al described a patient on ipilimumab who despite systemic corticosteroids developed recurrent visual loss due to optic neuritis requiring plasma exchange and mycophenolate mofetil. 68 In a case report of autoimmune encephalitis, the patient received rituximab in addition to corticosteroids and IVIg. 69 Occasionally, immune checkpoint inhibitor induced myasthenia gravis may spontaneously resolve but in most cases require an antiacetylcholinesterase and/or corticosteroids and in severe cases IVIg or plasma exchange. 70 
Small-molecule kinase inhibitors
It is beyond the scope of this review article to discuss the intricacies and complexities of the various intracellular signal molecules and their relationship to one another in maintaining normal cell development, differentiation, survival and proliferation. Suffice it to say that dysfunction of these signal pathways results in an abnormal cell cycle and development of neoplasia. A basic knowledge of signal transduction dysregulation of cancer cells is important in the context of understanding the efficacy and toxicity of small-molecule kinase inhibitors. 71 Although incompletely understood, it is apparent that there are a number of complex, independent, parallel and interconnected signal transduction pathways involving the extracellular, cell surface and intracellular compartments (Figure 3) .
Small-molecule kinase inhibitors are a group of anticancer drugs that affect the intracellular signal pathways that are dysfunctional in cancer cells. 72, 73 Small-molecule kinase inhibitors are adenosine triphosphate (ATP) mimetics or analogues that can target the extracellular or intracellular components of a cell surface receptor as well as intracellular protein kinases. 74 As a result of this inhibition of ATP transfer there is no post-translational phosphorylation, causing inactivity of the receptor or molecule leading to inactivity or paradoxical hyperactivity of downstream signal pathways. 75 Small-molecule kinase inhibitors are distinct from mAbs because they are smaller in size, shorter in half-life, administered orally, metabolized by the cytochrome p450 enzymes and have a different MOA (Figure 4 ). 2 As is the case for mAbs, the nomenclature for identifying a smallmolecule kinase inhibitor follows a specific scheme. All small-molecule kinase inhibitors end with the suffix -ib, and the stem -tin indicates a tyrosine kinase inhibitor. 76 FDA approval of the first small-molecule kinase inhibitor -imatinib-occurred 15 years ago. 77 Since then there has been a steady increase in the number of drugs that have reached the market, totaling 30 as of 2016 (Table 2) . 78 Some of the kinase inhibitors target a single protein while others target multiple proteins. 74 The following section will be discuss the small-molecule kinase inhibitors as a group based on their target molecule with special emphasis on a particular drug if it has been associated with a unique or noteworthy toxicity.
Epidermal growth factor receptor inhibitors
There are currently five EGFR inhibitors on the market: afatinib, erlotinib, gefitinib, laptinib and vandetanib. EGFR, with its downstream effect on epidermal growth factor (EGF), is important in corneal healing and proliferation of Meibomian gland epithelial cells. In addition EGFR controls hair follicle differentiation. 28 As a result, EGFR inhibitors can cause keratitis, dry eye, conjunctivitis, episcleritis, blepharitis, ectropion, entropion and eyelash trichomegaly. 27, 79, 80 There are also reports of uveitis associated with EGFR kinase inhibitors. 26 Rao et al 81 documented a case of bilateral retinochoroiditis due to toxoplasmosis in the setting of erlotinib therapy.
Vascular endothelial growth factor receptor inhibitors
The seven VEGFR inhibitors are axitinib, lenvatinib, nintedanib, pazopanib, regorafenib, sorafenib and sunitinib. Neuro-ophthalmic toxicity seems to be infrequent with these agents as demonstrated by the few reports of neurosensory retinal detachment and PRES. 25, 82, 83 Breakpoint cluster region-abelson inhibitors As mentioned above, the first FDA-approved small-molecule kinase inhibitor was the breakpoint cluster region-abelson (Bcr-abl) inhibitor imatinib. Currently, there are four other Bcr-abl inhibitors: bosutinib, dasatinib, nilotinib and ponatinib. Thirty to 70% of patients taking imatinib develop periorbital edema. 27, 28 In some cases, the periorbital edema can cause visual impairment requiring surgical intervention. 84 Other complications include epiphora, keratitis, and conjunctival hemorrhage. 25, 28 Retinal hemorrhage and macular edema have also been associated with imantinib. 25, 85, 86 
Eye
Two cases of optic neuritis in the setting of imantinib have been reported. 87, 88 Details are provided for one of the cases, which involved bilateral visual loss with normal neuroimaging and cerebrospinal fluid results. Discontinuation of imantinib and institution of oral steroids was associated with an improvement of vision to 'normal' from counting fingers. 87 Optic disc edema has been reported with imantinib. 89, 90 In the case reported by Kwon et al, the patient had bilateral disc edema (with normal visual function) that resolved with discontinuation of imantinib. When the medication was restarted the disc edema did not recur. The intracranial pressure of the patient was not measured when the optic nerves were edematous. 89 
Mitogen-activated protein kinase kinase inhibitors
Although, Trametinib and cobimetinib are the only mitogen-activated protein kinase kinase (also known as MEK-the abbreviation of which is derived from MAPK/ ERK kinase) inhibitors in clinical use, there are many molecules that are in various phases of clinical development. 91 MEK is one of a series of protein kinases within the mitogen-activated protein kinase (MAPK) pathway (RAS-RAF-MEK-ERK). 92 The package insert lists retinal vein occlusion (incidence 0.2%) and retinal pigment epithelial detachment as ocular toxicities associated with trametinib. 93 One case report documented cystoid macular edema with trametinib. 94 Draganova et al 95 described a 55-year-old woman who developed bilateral panuveitis, chorioretinal folds and serous retinal detachments during trametinib and dabrafenib (see below) therapy.
Of those MEK inhibitors still being investigated in clinical trials a multitude of AEs have been identified including keratitis, epiphora, eyelid edema, blurred vision, double vision, visual disturbances (colored spots, halos), retinopathy (macular edema, central serous retinopathy, serous retinal detachment), and optic neuropathy. 25, 27, 80, 94, [96] [97] [98] Intracranial hemorrhage has been reported with the use of trametinib and dabrafenib. 99, 93 
B-raf inhibitors
Dabrafenib and vemurafenib are the only two B-Raf inhibitors available on the market. Similar to MEK, B-Raf is part of the MAPK cascade. There are many similar molecules that are being investigated in clinical trials and as of yet have not received FDA approval. 100, 101 The package inserts for both dabrafenib and vemurafenib list uveitis in the warning and precautions sections. 102, 103 There are also reports of retinal vein occlusion occurring in patients taking B-Raf inhibitors. 26 
Bruton's tyrosine kinase inhibitors
Ibrutinib is the only Bruton's tyrosine kinase (BTK) inhibitor currently on the market. To date, there has been no ocular toxicity associated with ibrutinib. However, the package insert cautions the possibility of fatal intracranial hemorrhage. 104 A fatal case of PML was described in a 75-year-old man treated with ibrutinib; however, he was also treated with rituximab and other chemotherapeutic drugs several years prior to presentation. 105 
Anaplastic lymphoma kinase inhibitors
Crizotinib and ceritinib are the two anaplastic lymphoma kinase (ALK) inhibitors being used in clinical practice. In two open-label, randomized, active-controlled trials reported in the package insert for crizotinib, 60-70% of patients experienced a 'vision disorder' defined as diplopia, photophobia, photopsia, blurred vision, reduced visual acuity, visual impairment, and vitreous floaters. 106 Light to dark visual adjustment difficulties have been described by patients taking crizotinib. 24, 28 In the warning and precautions section of the crizotinib package insert, the incidence of severe visual loss is estimated at 0.2% with a particular mention of optic nerve disorders. 106 Chun et al reported a 69-year-old woman treated with crizotinib for metastatic lung adenocarcinoma who developed no light perception vision in the left eye and a visual field defect in the right eye. There was no mention of the appearance of the optic nerves on clinical examination but MRI demonstrated bilateral optic nerve enhancement. 107 The following statement is taken directly from the package insert: 'Discontinue XALKORI in patients with new onset of severe visual loss (best corrected vision less than 20/200 in one or both eyes). Perform an ophthalmological evaluation consisting of best corrected visual acuity, retinal photographs, visual fields, optical coherence tomography, and other evaluations as appropriate for new onset of severe visual loss. There is insufficient information to characterize the risks of resumption of XALKORI in patients.' 106 Based on the crizotinib package insert approximately 19-21% of patients experience gait disturbance, hypoesthesia, muscular weakness, neuralgia, peripheral neuropathy, paresthesia, peripheral sensory neuropathy, polyneuropathy, and sensory disturbance. 106 
Janus kinase inhibitors
Ruxolitinib is the only Janus kinase (JAK) inhibitor on the market. No significant ocular toxicities have been associated with ruxolitinib. However, a case of bilateral retinitis due to toxoplasmosis was reported in a patient being treated with ruxolitinib. 108 PML has been associated Neuro-ophthalmic side effects of new cancer drugs MT Bhatti and AKS Salama
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Eye with ruxolitinib and is mentioned in the package insert. 109, 110 Treatment Depending on the severity of the AE, supportive therapy and discontinuation of the medication is often all that is needed. Infectious complications such as with toxoplasmosis can be treated with atovaquone or combination of trimethoprim-sulfamethoxazole and clindamycin. 81, 108 Non-infectious uveitis can be effectively treated with topical steroids. 95 Systemic corticosteroids have been used for cases of macular edema and optic neuritis. 85, 87 The subretinal fluid associated with the MEK inhibitors can sometimes resolve spontaneously without interrupting therapy. 111 Weber et al 98 recommend continuing MEK inhibitors if subretinal fluid is present because in the majority of cases the visual symptoms are mild and transient.
Conclusions
There has been tremendous advancement in the medical treatment of cancer in the past two decades. Molecularly targeted and immune therapies hold the promise of more personalized and selective treatment. However, the introduction of these new cancer therapies with unique MOAs that carry the capability to interfere with critical intracellular signal pathways, modulate the immune system and in some cases activate the immune system, novel AEs have become a clinical challenge that physicians involved in the care of cancer patients should recognize. In addition, physicians should be prepared to institute a management plan to minimize permanent ocular and neuro-ophthalmic complications.
Method of literature search
Multiple resources were enlisted to gather the necessary the information and data for this review article. A detailed PubMed search (http://www.ncbi. nlm.nih.gov/pubmed) was performed as well as a Google search (https://www.google.com/) using the terms cancer treatment, monoclonal antibodies, immune checkpoint inhibitors, immunotherapy, chemotherapy, aromatase inhibitors, and small-molecule kinase inhibitors. Additional searches were performed depending on the initial results retrieved. Case reports, case series and published randomized clinical trials were also reviewed when necessary. Additional information on individual cancer drugs was collected from the package insert, FDA Adverse Event
